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ABSTRACT 



The high-power radiator comprises a discharge space 
(12) bounded by a metal electrode (8), cooled on one 
side, and a dielectric (9). The discharge space (12) is 
filled with a noble gas or gas mixture. Both the dielec- 
tric (9) and the other electrode situated on the surface of 
the dielectric (9) facing away from the discharge space 
(12) are transparent for the radiation generated by quiet 
electric discharges. In this manner, a large-area UV 
radiator with high efficiency is created which can be 
operated at high electrical power densities of up to 50 
kW/m 2 of active electrode surface. 

6 Claims, 2 Drawing Sheets 




08/23/2002, EAST Version: 1.03.0002 




08/23/2002, EAST version: 1.03.0002 



US. Patent Jun. 6,1989 Sheet 2 of 2 4,837,484 




FIG.5 



08/23/2002, EAST version: 1.03.0002 



4,837,484 

1 2 

HIGH-POWER RADIATOR -continued 
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TECHNICAL FIELD 

The invention relates to a high-power radiator, in 
particular for ultraviolet light, having a discharge space 
filled with filling gas whose walls are formed, on the T c * , r , t 

one hand, by a dielectric, which is provided with first r £ * °[ the radiator, the UV 

electrodes on its surface facing away from the discharge llg * * en , erated ^ external space via a front- 

space, and are formed, on the other hand, from second 10 end ^ , 6 die , le 1 ctnc ^ In a second embodi " 
electrodes or likewise by a dielectric which is provided ™? fac ? of 5 he tube " P rovi ded with metal 

with a second electrodes on its surface facing away f ? ds Z . ^ 6 electrodes - 0n narrow faces, 
from the discharge space, having an alternating current th . e ™* 15 P rovided cu t-outs over which special 
source for supplying the discharge connected to the wmdows are cemented through which the radiation can 
first and second electrodes, and also means for conduct- 15 em J? ge ' . 

ing the radiation generated by quiet electrical discharge , e efficiency which can be achieved with the 
into an external space. known radiator is in the order of magnitude of 1% i.e., 

At the same time, the invention is related to a prior far 5? Iow the theoretical value of around 50% because 
art as it emerges, for example, from the publication Refilling gas heats up excessively. A further deficiency 
"Vacuum-ultraviolet lamps with a barrier discharge in 20 ? f ™ e k ? own radiator 13 10 be perceived in the fact that, 
inert gases" by G. A. Volkova, N. N. Kirillova, E. N. for stabiUt y reasons, its light exit window has only a 
Pavlovskaya and A. V. Yakovleva in the Soviet journal rela tively small area. 
Zhurnal Prikladnoi Spektroskopu 41 (1984), No. OBJECT OF THE INVENTION 

4,691-605, published in an English-language translation 

by the Plenum Publishing Corporation 1985, Doc. No. 25 startm S fr <> m what is known, the invention is based 
0021-9037/84/4104-1194, %08.50, p. 1194 ff. on ^ ^J* 51 of Providing a high-power radiator, in 

particular of ultraviolet light, which has a substantially 
PRIOR ART higher efficiency and can be operated with higher elec- 

For high-power radiators, in particular high-power tTic ^ power densities » and whose light exit area is not 
UV radiators, there are various applications such as, for 30 sub J ect t0 the limitations described above, 
example, sterilization, curing of lacquers and synthetic SUMMARY OF THE INVENTION 

resins, flue-gas purification, destruction and synthesis of — . 

special chemical compounds. In general, the wave- ™* obje . ct B : according to the invention, achieved 
length of the radiator has to be tuned very precisely to b ^ a Seneric high-power radiator wherein both the 
the intended process. The most well-known UV radia- 35 dielectric and also the first electrodes are transparent to 
tor is presumably the mercury radiator which radiates *e radiation and at least the second electrodes are 
UV radiation with a wavelength of 254 nm and 185 nm cc <>led. 

with high efficiency. In these radiators a low-pressure . tms manner a high-power radiator is created 

glow discharge burns in a noble gas/mercury vapour which can be °P erated with high electrical power den- 
mixture. 40 ^es and kg* 1 efficiency. The geometry of the high- 
The publication mentioned in the introduction enti- power radia t°r can be adapted within wide limits to the 
tied "Vacuum ultraviolet lamps ..." describes a UV P rocess in whi ch it is employed. Thus, in addition to 
radiation source based on the principle of the quiet larj^-areaJIatJ^atcjs. cylindrical radiators are also 
f electric discharge. This radiator consists of a u } h? 0 f possiblewhich radiate inwards or outwards. The dis- 
dielectric materiaLsvu^jrectangulaTcross-sec^ . Two 45 cnarges can be operated at high pressure (0.1-10 bar), 
opposite walls of thetube are provided with "planar With this construction, electrical power densities of 
electrodes in the form of metal foils which are con- - 1 " 50 kw/m2 can b e achieved. Since the electron energy 
nected to a'pulse generatorTTne tube is closed at both m ^ e Charge can t» substantially optimized, the 
ends and filled with a noble gas (argon, krypton or effi ciency of such radiators is very high, even if reso- 
xenon). When an electric discharge is ignited, such 50 na nce lines of suitble atoms are excited. The wavelength 
filling gases form so-called excimers under certain con- of the radiation n»y be adjusted by the type of filling 
ditions. An excimer is a molecule which is formed from gas * for example mercury (185 nm, 254 nm), nitrogen 
an excited atom and an atom in the ground state. (337-415 nm), selenium (196, 204, 206 nm), xenon (119, 

130, 147 nm), and krypton (124 nm). As in other gas 
for example, Ar+Ar*— Ar*2 55 discharges, the mixing of different types of gas is also 

recommended 

It is known that the conversion of electron energy Th e advantage of this radiator lies in the planar radia- 
into UV radiation takes place very efficiently with ex- ^on of large radiation powers with high efficiency, 
timers. Up to 50% of the electron energy can be con- Almost the entire radiation is concentrated in one or a 
verted into UV radiation, the excited complexes having 60 few wavelength ranges. In all cases it is important that 
a life of only a few nanoseconds and delivering their the radiation can emerge through one of the electrodes, 
bonding energy in the form of UV radiation when they Thfe problem can be solved with transparent, electri- 
decay. Wavelength ranges: cally conducting layers or else by using p fiT»>. m^ 

wire gauz e or deposited conductor tracks' as an elec- 

■ _____ 65 trode, which ensures the supply of current to the dielec- 

Noblegas uv radiation trie and, on the other hand, are substantially transparent 

JJ e |2 6O-100 nm to the radiation. A transparent electrolyte, for example 

Ne * 2 80 ' 90 11111 . H 2 0, can also be used as a further electrode, which is 
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advantageous, in particular, for the irradiation of wa- 
ter/waste water, since in this manner the radiation gen- 
erated penetrates directly into the liquid to be irradiated 
and the liquid simultaneously serves as coolant. 

SHORT DESCRIPTION OF THE DRAWINGS 

The drawing shows exemplary embodiment of the 
invention diagrammatically, and in particular 

FIG. 1 shows in section an exemplary embodiment of 
the invention in the form of a flat panel radiator: 

FIG. 2 shows in section fl^vlmrirfcal radiator which 
radiates outwards and which is built into a radiation 
container for flowing liquids or gases; 

FIG. 3 shows a cylindrical radiator which radiates 
inwards for photochemical reactions; 

FIG. 4 shows a modification of the radiator accord- 
ing to FIG. 1 wit h a discharge space bounded ,/>nJytffr 
grjgftJry fi flejecgflc; and 

FIG. 5 shows an exemplary embodiment of a radiator 
in the form of a double-walled quartz tube. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The high-power radiator according to FIG. 1 com- 
prises a metal electrode 1 w hich is in contact on a first 25 
side with a cooling medium 2, for example water. On 
the other side of the metal electrode 1 there is dis- 
posed—spaced by electrically insulating spacing pieces 
3 w hich are distributed at points over the area — a plate 
*-4 of dielectric material . For a UV high-power radiator, 
the plate 4 consists, for example, of quartz or sapnire 
which is transparent to UV radiation. For very short 
wavelength radiations, materials such as, for example, 
magnesium fluoride and calcium fluoride, are suitable. 
For radiators which are intended to deliver radiation in 
the visible region of light, the dielectric is glass. The 
dielectric plate 4 and the metal electrode 1 form the 
boundary of a discharge space 5 having a typical gap 
width between 1 and 10 mm. On the surface of the 
dielectric plate 4 facing away from the discharge space 
5 there is deposited a fine wire gauze 6 , only the beam 
or weft threads of which are visible in FIG. 1. Instead of 
a wire gauze, a transparent electrically conducting layer 
may also be present, it being possible to use a layer of 
indium oxide or tin oxide for visible light, 50-100 
Angstrom thick gold layer for visible and UV light, 
especially in the UV, also a thin layer of alkali metals. 
An alternating current source 7 is connected between 
the metal electrode 1 and the counter-electrode (wire 
gauze 6). 

As alternating current source 7, those sources can 
generally be used which have long been used in connec- 
tion with ozone generators. 
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-continued 



Filling gas 


Radiation 


Xenon 


160-190 nm 


Nitrogen 


337-415 nm 


Krypton 


124 nm, 140-160 nm 


Krypton + fluorine 


240-225 nm 


Mercury 


185, 254 nm 


Selenium 


196, 204, 206 am 


Deuterium 


150-250 nm 


Xenon + fluorine 


400-550 nm 


Xenon + chlorine 


300-320 nm 



In the quiet discharge (dielectric barrier discharge) 
which forms, the electron energy distribution can be 
optimally adjusted by varying the gap width of the 
discharge space 5, the pressure, and/or the temperature 
(by means of the intensity of cooling). 

In the exemplary embodiment according to FIG. 2, a 
metal tube 8 enclosing an internal space 11, a tube 9 of 
dielectric material spaced from the metal tube 8 and an 
outer metal tube 10 are disposed coaxially inside each 
other. Cooling liquid or a gaseous coolant is passed 
through the internal space 11 of the metal tube 8. An 
annular gap 12 between the tubes 8 and 9 forms the 
discharge space. Between the dielectric tube 9 (in the 
case of the example, a quartz tube) and the outer metal 
tube 10 which is spaced from the dielectric tube 9 by a 
further annular gap 13, the liquid to be radiated is situ- 
ated. In the case of the example, the liquid to be radiated 
is water which, because of its electrolytic properties, 
forms the other electrode. The alternating current 
source 7 is consequently connected to the two metal 
tubes 8 and 10. 

This arrangement has the advantage that the radia- 
tion can act directly on the water, the water simulta- 
neously serves as coolant, and consequently a separate 
electrode on the outer surface of the dielectric tube 9 is 
unnecessary. 

If the liquid to be radiated is not an electrolyte, one of 
the electrodes mentioned in connection with FIG. 1 
(transparent electrically conducting layer, wire gauze) 
may be deposited on the outer surface of the dielectric 
tube 9. 

In the exemplary embodiment according to FIG^3. a 
provided with a transparent electrically 
conducting internal electrode 14 is coaxially disposed in 
the metal tube 8. Between the two tubes 8, 9 there ex- 
tends the annular discharge gap 12. The metal tube 8 is 
surrounded by an outer tube 10* to form an annular 
cooling gap 15 through which a coolant (for example, 
water) can be passed. The alternating current source 7 is 
connected between the internal electrode 14 and the 
metal tube 8. 

In this embodiment, the substance to be radiated is 



P^.^harfifc^pac^Ais closed laterally in the usual 55 d through ^ internal space 16 of the dielectric 



manner, has been evacuated before sealing, and is filled 
with an inert ga s or a substance forming excimers under 
discharge conditions for example, mercury, a noble gas, 
a or a noble gas/metal vapour mixture, noble gas/halo- 
gen mixture, if necessary using an additional further 6Q 
noble gas (Ar, He, Ne) as a buffer gas. 

Depending on the desired spectral composition of the 
radiation, a substance according to the table below 



Filling gas 



Radiation 



65 



Helium 

Neon 

Argon 



60-100 nm 
80-90 nm 
107-165 nm 



tube 9 and serves, provided it is suitable, simultaneously 
as coolant. 

An electrolyte, for example water, may also be used 
as an electrode in the arrangement according to FIG. 3 
in addition to solid internal electrodes 14 (layers, wire 
gauze) deposited on the inside of the tube. 

Both in the outward radiators according to FIG. 2 
and also in the inward radiators according to FIG. 3, 
the spacing or relative fixing of the individual tubes 
with respect to each other is carried out by means of 
spacing elements as they are used in ozone technology. 

Experiments have shown that it may be advantageous 
to use hermetically sealed discharge geometries (for 
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example, sealed off quartz or glass containers) in the 
case of certain filling gases. In such a configuration, the 
filling gas no longer conies into contact with a metallic 
electrode, and the discharge is bounded on all sides by 
dielectrics. The basic construction of a high-power 
radiator of this type is evident from FIG. 4. In FIG. 4 
parts with the same function as in FIG. 1 are provided 
with the same reference symbols. The basic difference 
between FIG. 1 and FIG. 4 is in the interposing o f , ^ 
second dielectric 1^ between the discharge space 5 and 
the metal electrode 1. As in the case of FIG. 1, the metal 
electrode 1 is cooled by a cooling medium 2; the radia- 
tion leaves the discharge space 5 through the dielectric 
plate 4, which is transparent to the radiation, and the 
wire gauze 6 serving as second electrode. 

A practical implementation of a high-power radiator 
of this type is shown diagrammatically in FIG. 5. A 
double-walled quartz tube 18, consisting of an internal 
tune iit and the external tube 20 . is surrounded on the 

trode. T^qiW nT l^ M H^^trrtf1 eJs constructed as a metal 
Jayer 21 o n the internal wall of the internal tube 19, The 
alternating current source 7 is connected to these two 
electrodes. The annular space between the internal and 
"ffjn™ 1 Ulhe& and 20 serves as the discharge space 5. 
The discharge space 5 is hermetically sealed with re- 
spect to the external space by sealing off the filling 
nozzle 22. The cooling of the radiator takes place by 
passing a coolant through the internal space of the inter- 
nal tube 19, a tube 23 being inserted for conveying the 
coolant into the internal tube 19 with an annular space 
24 being left between the internal tube \ f> and the tube 
23. The direction of flow of the coolant is made clear by 
arrows. The hermetically sealed radiator according to 35 
FIG. 5 can also be operated as an inward radiator analo- 
gously to FIG. 3 if the cooling is applied from the out- 
side and the UV-transparent electrode is applied on the 
inside. 

In the light of the explanations relating to the ar- 40 
rangements described in FIGS. 1 to 3, it goes without 
saying that the high-power radiators according to 
FIGS. 4 and 5 may be modified in diverse ways without 
leaving the scope of the invention: Thus, in the embodi- 
ment according to FIG. 4, the metallic electrode 1 can 45 
be dispensed with if the cooling medium is an electro- 
lyte which simultaneously serves as electrode. The wire 
gauze 6 may also be replaced by an electrically conduc- 
tive layer which is transparent to the radiation. 

In the case of FIG. 5, the wire gauze 6 can also be 50 
replaced by a layer of this type. If the metal layer 21 is 
formed as a layer transparent to the radiation (for exam- 
ple, if indium oxide or tin oxide) the radiation can act 
directly on the cooling medium (for example, water). If 
the coolant itself is an electrolyte, it can take over the 55 
electrode function of the metal layer 21. 
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In the proposed incoherent radiators, each element of 
volume in the discharge space will radiate its radiation 
into the entire solid angle 4tt, If it is only desired to 
utilize the radiation which emerges from the UV-trans- 
parent wire gauze 6, the usuable radiation can virtually 
be doubled if the metal layer 21 is of a material which 
reflects UV radiation well (for example, aluminum). In 
the arrangement of FIG. 5, the inner electrode could be 
an aluminum evaporated layer. 

For the UV-transparent, electrically conductive elec- 
trode, thin (0.1-1 ftm) layers of alkali metals are also 
suitable. As is known, the alkali metals lithium, potas- 
sium, rubidium and cesium exhibit a high transparency 
with low reflection in the ultraviolet spectral range. 
Alloys (for example, 25% sodium/75% potassium) are 
also suitable. Since the alkali metals react with air (in 
some cases very violently), they have to be provided 
with a UV-transparent protective layer (e.g. MgF2) 
after deposition in vacuum. 

We claim: 

1. A high-power radiator for ultraviolet light, said 
high-power radiator comprising: 

(a) a dielectric tube that is transparent to radiation; 

(b) a first electrode that is transparent to radiation and 
that is of tubular construction disposed coaxially 
inside said dielectric tube; 

(c) a second electrode that is of tubular construction 
and that is disposed coaxially outside and spaced 
from said dielectric tube, the space between said 
dielectric tube and said second electrode forming 
an annular discharge gap; 

(d) a gas that forms excimers under discharge condi- 
tions disposed in said annular discharge gap; and 

(e) a source of alternating current connected to said 
first and second electrodes. 

2. A high-power radiator as recited in claim 1 
wherein said dielectric tube is a quartz tube. 

3. A high-power radiator as recited in claim 1 and 
further comprising: 

(a) an outer tube disposed coaxially outside and 
spaced from said second electrode, the space be- 
tween said outer tube and said second electrode 
forming an annular cooling gap, and 

(b) a coolant disposed in said annular cooling gap. 

4. A high-power radiator as recited in claim 1 and 
further comprising a substance to be radiated located 
inside said dielectric tube. 

5. A high-power radiator as recited in claim 1 
wherein said first electrode is selected from the group 
consisting of a fine wire gauze and a transparent electri- 
cally conducting layer. 

6. A high-power radiator as recited in claim 5 
wherein said transparent electrically conducting layer is 
selected from the group consisting of indium oxide, tin 
oxide, gold, and alkali metals. 

***** 
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